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INTRODUCTION

This is the final report for project E 99 TL 01 Long Term Vegetation and Faunal
Succession in an Artificial Northern California Vernal Pool System, Phase 1. This report
also serves as an interim report for project F 2000 EN 214 Long Term Vegetation and
Inveriebrate Succession in an Artificial Northern California Vernal Pool System Phase 2.

These projects have the following objectives:

¢ to determine if artificial vernal pools constructed at Travis AFB in 1993 maintained
vernal pool characteristics,

¢ to update vernal pool literature,

o t{o determine if any of the five treatments used to develop the artificial pools are
useful for mitigating vernal pool impacits.

Vernal pools are seasonal wetlands forming in shallow depressions underiain by a
shallow substrate that restricts the percolation of water. The pools fili during the winter
rainy season. There may be several cycles of inundation and drying during an individual
season, but the sails in the pool usually remain saturated untii spring. Inundation periods
vary greatly from a few days to several months. In most years inundation occurs when
temperatures are high enough for plant growth. The pools finally dry out during the
spring or early summer and remain desiccated for several months until the rains of the
following wet season. When completely dry the soil moisture in the pool is the same as
the soil moisture of the adjacent uplands. The seasonal variation between inundation
and complete desiccation limits the flora that can occupy vernal pool habitat. Most
upland plants are precluded by the presence of freestanding water and saturated soil for
extended periods during the rainy season, while most wetland plants are precluded by
the complete desiccation of the pool soils during the summer. Only a few species
tolerate the alternately extreme conditions of inundation and drought. Several species of
shrimp and plants that are restricted to vernal pools are listed as threatened or
endangered under the federal Endangered Species Act. Because of the presence of
these listed species and other factors, vernal pool impacts from transportation projects
may require mitigation. Yet there is significant controversy concerning the use of habitat
creation and restoration to mitigate vernal pool losses (Sutter and Francisco 1998).
Attempts at creating vernal pools for mitigation have only been partially successful
(Barbour 1998, De Weese 1998).

This study is the continuation of a study begun in the autumn 1993 at Travis AFB, CA. In
November 1993, fifteen 3m x 10m rectangular artificial vernal pools were constructed to
determine if then current methods of artificial vernal poal restoration could be successful
in the southern Sacramento Valley. The deep end of each pool was excavated to a
depth of 80 cm on the downhill side. The pool was then excavated to form a plane that
merged with the soil surface at the uphill end of the poal. Side siopes were graded to
approximately 30 degrees. The poois were constructed in this way to facilitate statistical
comparisons among the treatments.

The artificial vernal pools at Travis AFB were developed to compare four different

planting techniques:

e scraping and vacuuming source materials from the soil surface of natural pools and
placing the collected materials on the natural soil surface of artificial pools,



e cutting blocks of soil from the bottorn of source pools and placing these blocks in
shallow trenches in artificial pools,

e spreading crushed vernal pool sail on the bottom of artificial pools,

¢ letting artificial pools lie fallow.

Vegetation, hydrology, and invertebrates were monitored during 1993, 1994, 1995 and
1996. This work was performed for the Department by Sonoma State University under
contract 65T343. The final report for the original project is: Northen, Philip T., Susan
Holve-Hensill and Doug Eakins. April 15, 1998, Techniques for Mitigating Loss of Vernal
Pools: an Experimental Approach. California Department of Transportation. Sacramento
CA.

The Sonoma State team reached the following major conclusions.

1. All artificial pools behaved as functional vernal pools during the 2-3 year period of
observation.

2. Waiting through one wet season before inoculating a vacuum/scrape pools did not
improve success.

3. Inoculating artificial pools with pulverized soil is superior to vacuum/scrape pools and
block methods in creating successful vernai pools.

4. The source pools in the study lost plant diversity rapidly over the four years of
observation and began developing thatch. Central valley vernal pools may require
regular disturbance to maintain high diversity and other wetland values.

5. The propagule removal methods differed in how they affected the source pools.
Creating shallow, unfilled depressions by removing soil had no adverse effects, and
is the preferred method for removing inoculum,

For habitat mitigation to be successful one must not only show that the habitat can be
initially created, but that the habitat can be maintained over time. De Weese noted that
in her experience, constructed vernal pools dppear to have comparable plant diversity to
natural source pools for the first two years (De Weese 1998). However, later species
that prefer fonger inundation periods begin to become more dominant. The maijor
question in this current study is whether or not the constructed vernal pools at Travis
AFB continue to maintain the hydrological, faunal, and floral characteristics of vemal
pools.

Vegetation Methods
Study Site

The study site is located on Travis AFB in Solano County CA southwest of the David
Grant USAF Medicai Center and near the western boundary of the base. A complete
description of the study site including maps and aerial photographs is found in Northen,
Holve-Hensill and Eakins (1998). The location of Natural pool SP1 is westerly of TR16
and SP2 is directly behind artificial pool C2.

Sampling Design

The vernal pool blooming season, when plants can be best identified, occurs during a
relatively short period in the spring. Over this period, the vegetation apparent in the

[



vernal pools changes rapidly as temperatures rise and the soil becomes dry. It was not
practical to use manual methods to develop the needed guantities of data over the
available time. Therefore, we used an Olympus 2500 digital camera to rapidly gather
high quality vegetation data for analysis. Color fidelity and image sharpness of the digital
camera allow proper identification of plant species, estimates of percent cover and
analysis of other vegetation characteristics. The series of electronic images provides an
accurate record of the conditions within the pools over the course of time. Images can
be compared within a season and from year to year.

We visited the site on: 04/26/01, 05/03/01., and 06/08/01 1o gather vegetation data. On
each visit wide angle and close up images were taken of each artificial and natural pecol.
One wide-angle image of each entire pool was taken from the pools shallow end. Close
ups were taken of the deep, middle, and shallow zone of each artificial pool as defined
by poof depth. The close up images were of representative homogenous areas of the
strata in the pools. Plant species in each artificial and natural pool were identified on
site. If we were not able to identify the plant on site a close up image or sample of the
plant in question was collected for identification. Species identifications are according to
the corrected third printing of The Jepson Manual: Higher Plants of California (Hickman
ed., 1996).

Photo 1. Artificial Pool C5 on 04/26/01. Wide angle image of Artificial Pool C5 with arrows
indicatina desp. middle. and shallow zongs. (Harold Hunt}




Data Analysis

In the original study design for the artificial pools there were three replicates for each of
the four inoculation methods and parametric comparisons were made among the sets
(Northern, Holve-Hensil, Eakins, 1998). Subsequent observation indicaled high
variability within the replicate sets. This high variability and the small number of
replicates precluded parametric statistical analysis in the current study. We can
determine where different plants grew, relative cover of the plants, and general trends of
different plant groups. The photos of each artificial and natural pool were analyzed using
2001 Vernal Pool Classification — Releve Data Forms (Witham, 2000).

Each individual image was used as a releve. Each plant species on the image was
identified and the percentage of cover abundance for each species was ocularly
estimated. The percentages of plant cover for each plant species were converted to an
absolute scale value using the Braun — Blanquet Cover Abundance Scale Table (Mueller
— Dombois and Ellenberg, 1974).

Table 1. Braun-Blanquet Cover-Abundance Scale.

Absolute scale valus Percentage of relative cover

5 Any number, with cover more than % of the
reference area. (>75%)

4 Any number, with V2 - % cover (50 — 75%)

3 Any number, with % - ¥z cover (25 ~ 50%})

2 Any number with 1/20 — % cover (5 — 25%)

1 Numercous, but less than 1/20 cover, or
scattered, with cover up to 1/20 (5%)

+ Few, with small cover

r Saolitary, with small cover

(Muelier — Dombois and Ellenberg, 1974}

For each date and for each zone a Raw Table and a Constancy Table were constructed
following the method of Mueller — Dombois and Ellenberg (1974). The Raw Table is
assembled with a vertical column allotted for each releve or picture. The species are
listed in a horizontal column and the percentage number of species found in the releve is
entered beneath. This table allows certain species to be emphasized right away (i.e.
those that are more abundant are clearly visible). Following the Data Table, species
were sorted according to their “degree of constancy.” Conslancy refers to the number of
times a species occurs for a given number of releves. The order of species is then
arranged from high to low “constancy.” The purpose of the constancy table is to show
an immediate comparison of the individual releves; for example, species that are similar
in constancy can be distinguished.

The Zone Average Table represents an average cover of species present in ali zones of
the artificial pools on each date. An average of bare soil and algae matting was also
calculated. From this data, each artificial pool was added together, including total
vegetation cover and excluding bare soil and algae matting. This was designated as the
Relative Cover. After calculating the relative cover a figure was constructed showing
Cover Abundance.



The Native vs. Non-native Species Tables were compiled using the Zone Average
Tables for each date. The Cover Abundance for native and non-native species is based
on the addition of the averages. The Cover Abundance Tables compare relative cover
of the native versus non-native species in each artificial pool and natural vernal pools.

Vegetation Results

Species Present in the Shallow, Middle and Deep Zones on 04/26/01

We observed 11 piant species growing in the artificial pool on 04/26/01 (Tables 2-4).
Downingia concolor appears to succeed in the shallow to middle zones, while the most
abundant and constant species is Psilocarphus bravissimus. In the deep zone, Spergula
arvensis was the most abundant and constant species. The grasses appeared in the
shallow zones on this date.

Table 2. Species present in Shallow Zone on 04/26/01.
Shallow Zone

Corgtancy Tahle 042601 vacl Blocks Va2 Sall Corird
List of Species Al B4 C3 B1{ C5| AZ| B2| 2] A5t B5| C4| A3| B3| CI
4 3
1 +
+
1

— |

Boaninga concdor 1 r +
Lastheria gabemima 3 +
Erodumn batrys 1 2
Eryngum anistuzm 1 + 112
Spergfa anvensis +i 2 + +1 1
Convadwius arvensis 2 + +
Lupinus biodcr 2| +
Aragalis arversis 1
Hemrizcria fitchii 2
Lasthena mecrartha ssp. baken
Erermocarmus sefigenus
Centauriummuehierbergi
Xarthum sturrenum
Asdepias fasdouans
Oyperus eragrostis
Rumex aispus
Heotheris meorostadya
Grasses
Hodetrn murinum 2 21313131 2[1]3 21312
Taeriahenum coput-~med sae
Pdypogen menspeliensis
Laiummuitifiorumn
Cther
bare sall 2121 3[2]2]112]1][3[3]1 3132
dgpelaad meiting

A
Fsilocaphus brevissimus 212 211]2 1

1

3

]




Table 3. Species present in the Middle Zone on 04/26/01.

Middle Zone

Constancy Table 0426801

Vaci

Blocks

Vac?2

Sail

Cantrol

List of Specles

B4

Ad

81

C5

A2

B2

c2

AS

Cc4

A3

B3

C1

Psitocarphus brevissimus

1

1

2

3

2

3

3

3

3

Spergula arvensis
Lasthenia glaberrima
Eryngium aristulaium

Downingia concelor
Convolvulus arvensis
Anagalis arvensis
Erodium botrys
Lupinus bicolor
Lasthenia macrantha ssp. bakeri
Hemizonia fitchii
Eramocarpus satigerus
Centaurium muehlenbergii
Xanthium strumarium
Asclepias fascicularis
Cyperus aragroslis
Rumex crispus
Eleccharis macrostachya

1

5

2

1

2

2

4

5

1

1

3

[

2
4
1

1

1

1

BN [

Grasses

Hordeum murinum
Taeniatherum caput-medusae
Polypagen monspeliensis
Lolium multiflorum

Othar

bare soi

algaa/algal maiting

Table 4. Species present in the Deep Zone on 04/26/01.

Constancy Table 042601

Deep Zone

Vaci

Vac2

Sail

Control

List of Species

B4

c3

AZ

82

C2

A5

85

A

83

C1

Spergula arvensis
Psilocarphus hrevissimus
Eryngium aristulatum
Lasthenia giaberrima
Convolvulug arvensis
Anagalis arvensis
Dawningia concelor
Erodium botrys
Lupinus bicolor
Lasthenia macrantha ssp. bakeri
Hemizenia fitchii
Eremacarpus setigerus
Centaurium muehlenbergii
Xanthium strumarium
Ascleplas fascicularis
Cyperus eragraslis
Rumex crispus
Eleocharis macrostachya

3

3

4

3

5

3

2

2

2

alalal®

2

—_

2

Grasses

Hordeum murinum
Taeniatherum caput-medusae
Palypagon monsgeliensis
Lolium muitiflorum

Other

bare sail
algae/algal malting

—_




Spergula arvensis had the highest average cover among species present on 04/26/01.
Among the inoculation treatment, Vac2, had the highest cover abundance (7.02) The
cover abundance ranged from 5.69 to 7.02 on 04/26/01 (Table 5 and Figure1).

-f, . - -
I ‘:_ -: o or N --t fi s “F-‘

Pnof 2. Close-up image of deep zone an;ﬁcfa.' pool C5 on 04/26/01.

Table 5. Average cover of species present in all zones in each inoculation treatment
on 04/26/01.

Zone Averages 042601 Inogulation Treatmaents
List of Specias Vacl Blocks | Vac2 Soil Control
Spergula arvensis 2.61 2.58 1.44 2.11 1. 67
Psilocarphus brevissimus 1.89 0.67 2.56 0.56 2.67
Eryngium arisiulatum 0.56 0.33 0.45 0.67 011
Downingia cancolar 0.11 0.22 0.12 0.22 0.12
Lasthenia glaberrima 0.78 1.34 0.89 2.22
Erodium botrys 0.1 0.22 0.11 0.12
Convolvulus arvensis 0.22 0.006 0.12 0.12
Anagals fascicularis N 0.11
Lupinus bicolar 011 0.11
Hemizonia fitchn 1
Eremocarpus setigerus
Centaurium muehlenbergii
Xantbium strumarium
Asclepias asperula
Cyperus eragrostis
Laslhenia macrantha ssp. bakeri
Rumex crispus
Eleocharis macrostachya
Grasses
Hordeum murinum 0.56 1.11 111 0.44 1
Lolium multiflorum
Taeniatherum capul-medusae
Polypogon monspeliensis
Othar
bare soll 2.22 1 1.89 1.22 222
algaefalgal matting 067 0.22 0.22
Raelative Cover (average) 6.24 6.79 7.02 6.34 5.69




Figure 1. Cover Abundance on 04/26/01.
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Species Present in the Shallow. Middle, and Deep Zones on 05/03/01

There were 10 plant species present in the artificial pools on 05/03/01 (Tables 6-8). On
this date, we observed that drier conditions led o a decrease in the early blooming
vernal pool species. Downingia concolor was the most constant species, but
Psitocarphus brevissimus had a greater amount of cover abundance. The cover
abundance of grasses increased compared to 04/26/01. In the middle zones,
Psilocarphus brevissimus was the maost constant and abundant species. Lasthenia
glaberrima grew in all zones, but was more successful in the middle zone on this date.
In the deep zone, Spergula arvensis was the most abundant and constant species.

Table 6. Species present in the Shallow Zone on 05/03/01.

Shallow Zone
Constancy Table 050301 Vaci Blocks Vac2 Soil Control
List of Specias C3[A4]|B1|C51A2|B2]C2[A5|BH|C4] A3 | BI|CH
Downingla concoler 1 1 + 1 r 1 1
Psllocarphus brevissimus 4 2
2
1

pod
Jan]
s

Eryngium aristulatum
Lasthenia glaberrima 1 )
Spergula arvensis 2 1 + +
Erodium bolrys 1 + 3
Anagalis arvensis 1 1
Canyolvulus arvansis +
Hamizania fitlchii
Lasthenia macrantha ssp. bakeri
Lupinus biceler
Eremccarpus setigerus
Centaunum muehlenbergii
Xanthium strumanuim
Asclepias fascicularis
Cyperus aragrostis
Rumex crispus
Eleccharis macroslachya
Grasses
Hordeum murinum 2 2 3 4 2 3 1 4 2 4 3 3 1
Lotium multiflerum
Taeniatharum capul-medusac
Pglypogon monspelignsis
Other
bare sail a3l z2l2fl2]l2]1({3]212{1f[1]3]3]3
algae/algal malting

+ (A3t |+

+
3
1
.

- |||

1
2 3
1 1 2 1
2 1

L Ly ] [+




Table 7. Species present in the Middile Zone on 05/03/01.

Constancy Fable 050301

Middle Zone

Vacl

Blocks

Vac2

Sail

Control

List of Spacles

B4

C3

Ad | B1

G5

A2 | B2

C2

85

C4

Ad

B3

C1

Psilacarphus brevissimus
Spergula arvensis
Lasthenia glabernma
Eryngium aristulatum
Downingia concolor
Convoivulus arvensis
Hemizonia fitchii
Asclepias fascicularis
Erodium batrys
Laslhenia macranitha ssp. bakeri
Lupinus bicolor
Eremocarpus seligerus
Centaurium muehlenbergii
Xanthium strumarium
Asclgpias asperula
Cyperus eragrostis
Rumex crispus
Eleacharis macrostachya

2

3

2

3

3

3

A

3

2

3

1

4

+

+

2

2

T

LV ey &

1
2
1

+
1
1

B | =

—_

e (e ]+ [

+*

Grasses

Hordeum murinum
Lalium multiflorum
Taeniatherum capul-medusae
Polypogon moenspeliensis

Other

hare soil
algaefalgal matting

Table 8. Species present in the Deep Zone on 05/03/01.

Constancy Table 050301

Deap Zone

Vaci

Blocks

Vacg

Soil

Conlrol

List of Species

Al

B4

C3

Ad

B1

C5

B2

Q

2

AS

B5

ca

A3

B3

C1

Spergula arvensis
Psilocarphus brevissimus
Eryngium aristulatum
Lasthenia glaberrima
Convalvulus arvensis
Downingia concolor
Anagalis arvensis
Erodium bolrys
Lupinus bicolor
Hemizonia fitchii
Lasthenia macrantha ssp. bakeri
Eremocarpus setigerus
Ceantaurium muehlenbergii
Xanthium strumarium
Asclepias fascicularis
Cyperus eragroslis
Rumex crispus
Eleocharis macrostachya

2

4

r

3

4

+

3

3

3

1

2

2

2
2
1

2

-

LR By L]

2

—-AM@«B

Grasses

Hordeum murinum
Lolium multifiorum
Taeniatherum caput-medusae
Palypogen monspeliensis

Other

bare soil
algac/algal maltting




Psilocarphus brevissimus had the highest average cover on 05/03/01, due to the
decrease in the early blooming species (Table 8). Spergula arvensis dominaled the
deep zone early in the season and declined over time. tnoculation treatment, Vac2, had
the highest relative cover (6.92), which is consistent with earlier data in Table 5. Cover
Abundance on 05/03/01 ranged from 5.69 to 6.92 (Figure 2).

Table 9. Average cover of species present in each inoculation treatments on

05/03/01.
Zone Averages 050301 Artificial Pools
Listof Specles Vact Blocks Vac?2 Sail Contral
Psilocarphus bravissimus 2.22 1 44 2.78 1 2.44
Spergula arvensis 0.89 1 67 036 1 1.12
Eryngium aristulatum 1.0 0.56 1.34 0.89 0.44
Lastlhenia glaberrim & Q.46 111 0.35 112 ¢c.006
Downingia cancalar 0.12 0.74 0.35 D .56 0.22
Convolivulus arvansis 0 t2 0.1t 011 C.006 012
Asclepias lascicularis 0.11 0006 0.11
Erodium botrys 0.1 0.11
Hemlzania fitchii 0.11
Lasthenia macrantha ssp. bakari
Lupinus biceolor
Eremocarpus setigarus
Centaurium muehlendergii
Xanthium strumarium
Asclepias asperula
Cyperus eragroslis
Rumex crispus
Eleocharis macrostachya
Grasses
Hardeum murinum 078 1 1.4 1.4 1.23
Lolium multiflorum 0.%1 o 11 0.11
Taenlatherum capul-medosae
Polypogon monspeliensis
Other
bare saoli 2.78 2.11 2.56 1.78 1.23
dlgaelalgat matting J.56 .33
Relatlve Cover (average) 5 62 6 64 6.92 8.2 5.69

Figure 2. Cover Abundance on 05/03/01.
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Species Present in the Shallow, Middle, and Deep Zones cn 06/06/01

We observed 15 plant species growing in the artificial pools on 06/08/01 (Tables 10-12).
On this date, the early blooming vernal pool species or flowering plants were no longer
apparent in the artificial pools and the number of grass species increased. Psilocarphus
brevissimus dominated the shallow and middle zones and there was an increase in the
summer blooming species, which appeared in all zones. Those summer blooming
species were Eremocarpus setigerus, Hemizonia fitchii, and Eryngium aristulatum.

Eremocarpus setigerus was the mos!t constant species in the deep zone.

Table 10. Species present in the Shallow Zone on 06/08/01.

Shallow Zone

Constancy Table 0608Q1

vact

Vacz2

Soil

Listof Spacles

Al

B4

C3

A2

B2 |1 C2|AS

85

C4

Paidocdarphus bravissimus

2

1

2 3 2

Hamizenia Hichii

2

2

Eryngium aristuiatum

3

CEremaocarpus saligerus

2
2
1

— | |t

Convolvulus arvansis

N PN

Asclapias fascicularis

Canlaurlum muehlenbergii

Rumox crispus

Anagalis arvansis

Lasthania macraniha ssp. bakaeri

Lasthania glaberrima

Cyperus eragrostis

Dawningla concolor

£raodium balrys

Slecocharls macraslachya

Lupinus blceler

Sporgula arvansls

Xanthium strumarium

Grassas

Hordeum murinum

Lollum multilarum

1)

Taenialherum capul-madusae

Polypogaen manspellensis

— |
-

N . 1)

EXY SNy

Qther

bare soll

glgaefalgal matling

Table 11. Species present in the Middle Zone on 06/08/01.

Canstancy Table 060801

Middle Zone

Vacl

Blocks

Vag2

Soll

Control

List of Species

Al

B4 C3

A4 B1

C5

A2 B2 C2

A5 BS5 C4

A3 B3 Ct

Psilocarphus brevissimus
Hemizonia fitchii
Eryngium aristulatum
Eremocarpus seligerus
Convolvulus arvensis
Eleacharis macrostachya
Xanthium sirumarium
Anagalis arvensis
Lasthenia macrantha ssp. baxeri
Lasthenia glaberrima
Cypearus eragrostis
Downingia concolar
Erodium oolrys
Asclepias fascicularis
Lupinus bicalar
Centaurium muehlenbergii
Rumex crispus
Spergula arvensis
Grasses

1

2

1

3

212 2 1

T

2

2

3

2

2 1

2

1

2

2

3

2

1

1

2
2 i 1 1
1

1
3
i

2

1

— |- P fra [ ma

1

1

1

Hordeum murioum
Lalium multiflorum
Taeniatherum caput-medusae
Palypogen monspelionsis
Qther

[~}
-y
%)

- [ha

L]

— |—a|-nlra

+ =]+ N

bara soit
algae/algal matting

Il




Table 12. Species prosent in the Deep Zone on 06/08/01.

Deep Zona
Consgtancy Table 080801 Vac! Blocks Vac? Soil Control
List of Specles At | B4 |C31A4[BI1CS[A2]|B2{C2|AG}B5!C4|A3[(BIICH
Eremocarpus setigerus + 1 2 + 2 2 2| 2
Eryngium aristulatum 2 2 2 1 1 3 2
Psilocarphus brevissimus 1 1 1 + 2 1
Hemizonla fitchii 1 2 2 1
Convolvulus arvensis 1 +
Cyperus eragreslis r
Eleocharls macrostachya 1
Xanthium strumarium 1
Anagalis arvensis
Lasthenla macrantha ssp. bakeri
Lasthenia glaberrima
Downingia concolar
Erodium bolrys
Asclepias fascicularis
Luplnus blcolor
Cenlaurium mughlenbergii
Rumex crispus
Spergula arvensis
Grassaes
Taeniatherum caput-medusae ki 1 + + 1 1 1 + 2 + 1 1
Hordeum murinum 1 1 + 2 1 1 1
Lolium rmultiflorum 1 1 1 1 1 + 2 + + 1 1 1 hl
Palypegon monspeliensis 1 2
Other
pare soil 4 3 3 2 4 2 2 3 3 2 3 3 4 2z 3
algae/algal matting

-~

N [ Y
—_ o=
| |af—
+
™
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On 06/08/01, Psifocarphus brevissimus had the highest average cover throughout the
artificial pools (Table 13), The control had the highest cover abundance (9.15)
compared to the other artificial pools. The increase in cover abundance was due to the
increase in summer blooming species and grass species in the control pools. Cover
abundance ranged from 7.02 to 9.15 on 06/08/01 (Figure 3).

Table 13. Average cover of species present in all zones in each inoculation treatments
on 06/08/01.

Zone Averages 060801 Artiticial Pools
Listof Speclas Vaci Blocks Vac2 Soil Contral
Psilocarpnhus brevissimus 1 56 111 1.67 0.78 2.1t
Hemizonia fitcnli 1.22 0.78 1 .33 0.33 1.45
Eryngium aristulatum 1 .56 9.78 1.23 1.67 0. 33
Eromocarpus setigarus g 213 0 44 0.44 1.21 1.212
Convolvulus arvenslis 0.44 0.44 0 22 Q.12 0.45
Xanthium sirumarium g.1%
Contaurium muenlanbergii 0 11
Elsocharis macrosltachya 0.22
Anagalls arvens|s
Lasthania macrantha ssp. bakerl
Lasthenia glaberrim a
Cyperus eragrostis
Downingia concolar
Eradium bolrys
Rumoex crispus
Lupinus bilcolor
Spargula arvansis
Asclapias fascicularis
Grassas
Hordoum murinum 1.44 i .67 t 44 1.89 1.68
Lelium multiflarum o.73 0.8¢ 1.01 0.78
Taeniatherum caput-medusae 0.648 .23 0.74 1.01
Polypogon maonsgeliensis 011 Q.78 a.11
Other
bare soil 2.78 2.1 2. 11 2.01 2.56
dlgaa’algal matting
Raelative Cover (avarage) 8.25 7.02 a.48 8.7 9 .15




Figure 3. Cover Abundance on 06/08/01.
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Cover Abundance for Natural pool TR 16

Psilocarphus brevissimus and Eryngium aristufatum were the most constant and
abundant species. We observed Lasthenia macrantha ssp. baken in TR16. Lasthenia
macrantha ssp. bakeri was absent from all the artificial pools. The coverage of Lasthenia
macrantha ssp. bakeri was highest on 04/26/01 and 05/03/01, but was not apparent on
06/08/01 (Table 14). TR16 was not used as a source of propagules for the artificial
pools due to the presence of Lasthenia macrantha ssp. bakeri. In TR16 there were
relatively small amounts of grass species and bare soil throughout the season. in the
early bloom season, the cover abundance was high (13). By 05/03/01, the flowering
species declined, showing a cover abundance of 9. The cover abundance increased to
11 by 06/08/01, due to an increase in summer blooming species (Figure 4).

Table 14. Species present in TR16 according to each date.
Constancy Table TR186
Listof Specles 4726101 573i01 6/8/01
Eryngium aristulatum 2
Fsilocarphus bravissimus
Rumex crispus
Convolvulus arvensls
Lasthenia macrantha ssp baken
Downingia concolor
Lasthenia glaberrim a
Eremocarpus s5etigerus 3
Hemizonia fitchii 1
Asclepias fasciculans r
Spergula arvens!s
Lupinus bicelor

B = | ||
Eal el S N Lt

P[RR = | = [N

Anagalis arvensis
Centaurium muehlenbergii
Aanthmm strumarnum
Erodium baoirys
Cyperus saragrosltis
Eleocharis macrostachya
Grassas

Hordeum murinum 1 1 1
Taeniatherum caput-medusae

Polypogon monospeliensis
Lolium m ultiflorum
Other

bare soil 1 1 1
algae/algal matting
Relative Cover 13 9 11

13



Figure 4. Cover Abundance for TR16 for each date listed.
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Cover Abundance for Natural pool SP1

SP1 is smaller than the other natural pools and the artificial pools. Throughout the
season, Eryngium aristufatum was the most constant and dominant species observed.
Psilocarphus brevissimus was the second most conslant species. Lasthenia macrantha
ssp. bakeri appeared in small numbers on 04/26/01. SP1 showed an increase in grass
cover abundance over time. Summer blooming species were not present (Table 15). In
the early bloom season, the cover abundance was 7. By (05/03/01, the flowering species
declined. A cover abundance of 7 was recorded for that date. The cover abundance
increased to 8 by 06/08/01, caused by an increase in grass cover (Figure 5).

Tabhle 15. Species present in SP1 according to each date.

Censtancy Table SmallPool 1 {S§P1)
Listofl Species 4726101 5/3/01 §!/8/01
Eryngium anstulatum 2 4 3
Psilccarphus brevissimus 2 1

Lasthenia macrantha ssp. bakari 1
Cownlngla concolor
Lasthenla glaberrim a

Hemlizonia fitchli
Eremocarpus setigerus
Asclepias fascicularis
Conveolvuius arvensis

Spergula arvensis

Lupinus bicaolor

Anagalis arvensis
Centaurium muehlensergt
Xanthium strumarium
Erodium botrys
Cyperus eragrostis
Rumex crispus
Eleocharis macrostachya

Grasses
Hordeum murinum 1 1 2
Lalium multiflorum 1 i 2

Polypogon manaospeliensis
Taeniatherum caputl-medusae

Other
bare soil 2 2 2
algae/algal maitting
Rolative Cover 7 7 8

14



Figure 5. Cover Abundance for Small Pool 1.
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Cover Abundance for Natural pool SP2

Eryngium aristulatum has the highest amount of cover on each of the three dates in SP2
(Table 16). Lasthenia glaberrima appears in 04/26/01 and 05/03/01, but was not
apparent on 06/08/01. Spergula arvensis had high amount of cover on 04/26/01, but
was nol apparent in SP2 on 06/08/01. The summer blooming species, Eremocarpus
setigerus and Hemizonia fitchii appeared on 06/08/01. Psilocarphus brevissimus was
absent on all the dates. The grass species and the amount of bare soil slightly
increased over time. The cover abundance follows a trend similar to TR16. During early
blooming season, cover abundance was high (9), and then decreased to 6 on 05/03/01
as the flowering species declined. During late blooming season, the cover abundance
increased 1o 8 with the appearance of the summer blooming species (Figure 6).

Table 16. Plant species in SP2 according tc each date.

Constancy Table Smaltl Poal2 (§P2)

Listo! Specias 31267018 5/3701 G/8/0 %
Erynglum arlstulaium 2 3 2
Lasthenia glaberrim a 3 1

Sporgula arvensis 3 1

Hemizonia filchii 2
Erumocarpus setigerus 2

Psilocarphus brevissimus
Lasthenla macrantha ssp. bakerl
Asclepias fascicularis
Convolvulus arvensis
Downingla concolor
Lupinus bicalor
Anagalls arvenais
Centaurium mMmuehlenbergii
Xanthium strum arium
Ercdium boelrys
Cyperus eragroslis
Rumox crilspus
Eleocharis macrastachya
Grasses

Hordeum murinum ) 1 2
Taeniatherum caput-medusac
Polypogen monospeliensl|s
Lolium multiflorum

Other
bare sail 1 2 2
algac/algal matting
Relativa Cover g ]




Figure 6. Cover Abundance for SP2,
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Species present in each Natural pool on 04/26/01

Eryngium aristulatum was observed in each natural pool and was the most constant
species on 04/26/01 (Table 17). Psilocarphus brevissimus and Lasthenia macrantha
ssp. bakeri were absent in SP2, but both were present in TR16 and SP1. Lasthenia
glaberrima was absent in SP1, but was present in TR16 and SP2. Spergula arvensis
only appeared in SP2, while Downingia concolor and Convolvulus arvensis only
appeared in TR16. Overall, TR16 had the highest cover abundance {12} of any natural
or artificial pool at Travis AFB (Figure 7).

Table 17. Species present in each natural pool on 04/26/01.

Constancy Tahle - Naturat Pools 04/26/01 Natural Pool
List of Species TR16 Sp2 5P
Enyngium aristulatum 2 2
Psilocarphus brevissimus 2
Lasthenia macrantha ssp. bakern 2
Lasthenia glaberrima 2
Spergula arvensis
Downingia concolor
Convolvulus arensis 1
Xanthium strumarium
Centaurium mughlenbergii
Eleocharis macrostachya
Eremocarpus setigerus
Rumex crispus
Anagalis arvensis
Erodium botrys
Lupinus bicolor
Cyperus eragrostis
Asclepias fascicularis
Hemizonia fitchii
Grasses
Hordeum murinum 1 1 1
Lolium multiforum 1
Taeniatherum caput-medusae
Polypogon monospsliensis
Othar
bare sail 1 1 2
algae/algal matting
Relative Cover 12 9 7
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Figure 7. Cover Abundance of each Natural Pool on 04/26/01.
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Species present in each Natural pool gn 05/03/01

Eryngium aristulatum was present in all natural pools on 05/03/01 (Table 18).
Psilocarphus brevissimus was absent in SP2; however, the species maintains constancy
in TR16 and SP1. Lasthenia glaberrima and Spergula arvensis were present in SP2, but
slowly declined. It was observed that Lasthenia macrantha ssp. bakeri was present in
TR16, but absent in SP2. Cover abundance declined in the natural pools on 05/03/01
compared to 04/26/01 (Figure 8).

Table 18. Species present in each natural pool on 05/03/01.

Constancy Table-Natural Pools 050301 Natural Pools
List of Species TR16 §P2 SP1
Eryngium aristulatum 2 3 4
Psilocarphus brevissimus 2 1
Lasthenia glaberrima 1
Spergula arvensis 1
Lasthenia madcrantha ssp. bakern 2
Downingia conodior
Convolvuus arersis
Xanthium strumanum
Centaurium muehtenbergi
Eleccharis rracrostachya
Erermocarpus setigerus
Rurmex crispus
Aragalis arvensis
Erodium botrys
Lupinus bicolor
Cyperus eragrostis
Asclepias fascicularis
Hemizonia fitchii
Grasses
Hordaum rmurdnum 1 1 1
Lalium rrultiforum
Taeniatherum caput-medusae
Poivpooon monospeliensis
Other
bare soi 1 2 2
algae/algal matting
Relative Cover 7 6 7
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Figure 8. Cover Abundance of each Natural Pool on 05/03/01.
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Species present in each Natural Pool on 06/08/01

The floral characteristics on 06/08/01 were similar to those on 05/03/01, with the addition
of the late blooming vernal pool species (Table 19). Eryngium aristulatum and
Psilocarphus brevissimus both remain constant in the natural pools. The late summer
blooming species, Eremocarpus setigerus and Hemizonia fitchii were present in TR16
and SP2, but absentin SP1. The number of grass species increased and the cover
abundance of grasses increased, with the highest coverage in SP1. Overall, the cover
abundance increased from the previous date (Figure 9).

Table 19. Species present in each natural poof on 06/08/01.

Censtancy Table-Natural Pools 6/8/2001 MNatural Pools
List of Speciles TR16 §P2 SP1
Eryngium aristulatum 2 3
Psilocarphus brevissimus 1
Hemizonia fitehii
Eremocarpus seligerus
Rumex crispus
Asclepias fascicularis
Convolvulus arensis
Xanthium strumarium
Cenlaurium muehlenbergii
Eleocharis macrostachya
Lasthenia glaberrima
Lasthenia macrantha ssp. bakeri
Anagalis arvensis
Erodium botrys
Lupinus bicolor
Cyperus eragrostis
Downingia concolor
Spergula arvensis
Grasses
Hordeum murinum 1 2 2
Lolium mufltiforum 2
Taeniatharum caput-medusase
Polypogon monospeliensis
Other
bare soil 1 2 2
algael/algal matting
Ralative Cover 10 8 8
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Figure 9. Cover Abundance of each Natural Pool on 06/08/01.
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Cover Abundance Comparison of TR16 vs. Artificial Pools 04/26/01

The following species were present in TR16 and in all of the artificial pools: Psifocarphus
brevissimus, Eryngium aristulatum, and Downingia concolor (Table 20). Lasthenia
macrantha ssp. bakeri was present in TR16, but was not present in any of the artificial
pools. Spergula arvensis was not apparent in TR16, but was present in all the arlificial
pools. The cover abundance for TR16 was 12, compared to Vac2, which had the
highest cover abundance, 7.02 (Figure 10).

Table 20. Comparison of species present in TR16 vs. Artificial Pools on

04/26/01.
Canstancy Table-Natural Paol and Artificial Pools 04/26/01
List of Specles TR16 Blocks YVac2 Vac 1 Contral Salil
Psidocarphus brevissimus 2 0.67 2.56 189 2.67 0.56
Erynglum aristulatum 2 0.33 .45 0.58 011 0.87
Daewningia concolar 2 0.22 0.12 0.%1 0.12 .22
Lasthenia giaberrima 2 1.34 0.85 0.78 222
Canvalvulus arvensis 1 0.006 0,12 0.22 012
Spargula arvansis 2.596 1.44 2.01 1.67 2.11%
Eradium bDotrys 0.22 0.1 Q.11 0.12
Anagalis arvansis 0.1 0.1
Luplinus blcolor 9.1 0.1
Hemizanla fitchii 011
Lasthenia macrantha gsp. bakeri 2
Asclapias fascicularis
Xanthium strumarium
Rumex crispus
Cyperus eragrasiis
Eleocharis magrastachya
Centaurium muehlenbergil
Eremocarpus seligerus
Grasses
Hardeum murinum 1 1.11 1.11 0.56 1 0.44
Lolium multiforum
Taenlatherum capul-medusae
Polypogon menospeliensls
Other
pare sail 1 1 1.88 2.22 222 1.22
atgae/algal matting 0.87 Q.22 0.22
Relatlve Cover (average) 12 8.79 7.02 .24 5.69 6.34
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Figure 10. Cover Abundance on 04/26/01.
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Cover Abundance Comparison of TR16 vs. Artificial Pools 05/03/01

On 05/03/01, the following species were present in TR16 and in all of the artificial pools:
Psifocarphus brevissimus, Eryngium aristulatum, and Lasthenia glaberrima. Downingia
concolor was present in all the artificial pools, but was not present in TR16. Again,
Lasthenia macrantha ssp. bakeri was only present in TR16 (Table 21). The cover
abundance for TR16 was 9, compared to Vac2, which had the highest cover abundance,
6.92 (Figure 11).

Table 21. Comparison of species present in TR16 vs. Artificial Pools on

05/03/01.
Constlancy Table-Matural Poal and Artlficial Pogls 05/03/01
List of Specles TR16 Blocks | Vac 1 Vac2 Sall Control
Psilocarphus brevissimus 2 $.44 222 2.78 1 2.44
Eryngium aristulatum 2 0.56 1.11 1.34 0.89 0.44
Lasthenia glabarrima 2 1.1 0.46 0.15 1.12 0.008
Spergula arvensis 1.57 0.89 0.36 t 1.12
Convolvulus arvensis 011 0.12 0.t 0. 008 0.12
Dewningla concolor 0.78 0.12 0.35 0.56 0.22
Eredlum botrys 0.11 0.11
Anagalis arvensls 0.006 0.11
Hemizonla fitchii 01t
Asclapias fascicularis 0.11
Lasthenia macraniha ssp. bakeri 2

Xanthium strumarium
Eleocharis macrostachya
Rumex crispus
Lupinus kicolor
Cyperus eragrosltis
Centaurium muehlenbergii
Eramocarpus setigerus

Grasses
Hordeum murlaum 1 1 078 14 1.4 1.23
Lolium multiforum Q.19 0 11 011

Taenlatherum caput-medusae
Palypogon monospaliansis

Other
bare soll 1 211 278 256 1.78 1.23
algaeialgal matling 0.56 0.33
Ralative Cover [avarage} 9 5.68 592 §5.682 6.2 562
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Figure 11. Cover Abundance on 05/03/01.
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Cover Abundance Comparison of TR16 vs. Artificial Pools 06/08/01

On 06/08/01, the following species were present in TR16 and in all of the artificial pool:
Psilocarphus brevissimus, Eryngium aristulatum, Hemizonia fitchii, and Eremocarpus

setigerus. |t was observed that TR16 had fewer grass species than the artificial pools
(Table 22). The cover abundance for TR16 was 10, compared with the Control, which
had the highest cover abundance, 9.15 (Figure 12).

Table 22. Comparison of species present in TR16 vs. Artificial Pools on

06/08/01.

Conslancy Table-Natural Pool and Artilicial Paols 96/08/01

List of Specias TR16 Blocks Vac2 Sol Vac 1 Control
Psilocarphus brevissimus 2 111 1.67 0.78 1.56 21
Eryngium aristulatum 2 0.78 1.23 1.67 1.56 033
Hemizania filchii 1 078 123 0.33 1.22 1.458
Eremocarpus satigerus 3 0.44 0.44 1.23 0.23 t22
Canvalvulus arvensis 0 44 .22 0.12 0.44 0.45
Xanthium strumarium 0.1t
Asclepias lascicularls r
Rumex crispus 1
Cuntaurium muehlenbergii 011
Eleocharis macrastachya 022
Lasthenia glabarrima
Lasthenia macrantha ssp. baken
Anagahs arvensis
Erodium aalrys
Lupinus bicolar
Cyparus eragrostis
Downingia concolor
Spergula arvansis
Grasses
Hordeum murinum 1 167 1.44 189 144 1.68
Lalium muitiforum 0.79 Q.81 1.01 09 0.79
Taeniatherum capul-medusae 0.68 1.23 0.78 09 1.01
Palypogon monegspeliensis o 11 0.78 0.1
Qther
bare soil 1 211 2.11 2.01 2.78 256
dlgae/algal matting
Relative Cover (average) 10 702 B 48 8.7 8.25 915
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Figure 12. Cover Abundance on 06/08/01.
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Cover Abundance Comparison of SP1 vs. Artificial Pools 04/26/01

On 04/26/01, Psilocarphus brevissimus and Eryngium aristulatum were present in SP1
and the artificial pools. Lasthenia macrantha ssp. bakeri was only observed in SP1,
which was not present in the artificial pools. Downingia concolor and Spergula arvensis
were present in all of the artificial pools, but absent from SP1 (Table 23). The cover
abundance for SP1 was 7, compared to Vac2, which had the highest cover abundance,

7.02 (Figure 13).

Table 23. Comparison of species present in SP1 vs. Artificial Pools on

04/26/01.
Constancy Table-Matural Pool and Artiticial Pools 04/26/01.
List of Specles SP1 Blocks | Vac2 Vac 1 | Control Soil
Psilocarphus brevissimus 2 0.67 2.56 1.89 2.67 0.56
Eryngium aristulatum 2 0.33 0.45 0.56 G.11 .67
Downingia conco'lor 0.22 0.12 0.11 012 0.22
Lasthama glabearrima 1.34 0.69 0.78 2.22
Convolvulus arvensis 0.006 0.12 022 0.12
Spergula arvensis 2.58 t.44 2.0% 1.67 2.41
Erodium bolrys 0.22 0.11 0.1 0.12
Anagalls arvansig 0.1t 0.11
Lupinus bicolor 0.11 0.11
Hamizonia fitchii 0.11
Lasthenia macrantha ssp. bakeri 1
Asciepias fascicularis
Xanthium strumanum
Rumex ¢crnspus
Cyperus eragrostis
Elaccharis macrostachya
Centaurium mushlenbergii
Eremocarpus setigerus
Grasses
Hordeum murinum 1 1.11 1.11 0.58 1 .44
Lolum multiforum 1
Taeniatherum capul-medusae
Palypogon monospeliensis
OCther
bare soil 2 1 1.89 2.22 2.22 1.22
algae/aigal matting 0.67 0.22 g.22
Relative cover (average) 7 5.79 7.02 6.24 5.69 §.34
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Figure 13. Covar Abundance on 04/26/01.
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Cover Abundance Comparison of SP1 vs. Artificial Pools 05/03/01

On 05/03/01 Psilocarphus brevissimus and Eryngium aristulatum were present in SP1
and the artificial pools. Lasthenia glaberrima, Convolvulus arvensis, Downingia concolor
and Spergula arvensis were present in all of the artificial pools, but were absent in SP1.
We observed that grasses Hordeum murinum and Lolium muftiflorum in SP1 (Table 24).
The cover abundance for SP1 was 7, compared to Vac2, which had the highest cover
abundance, 6.92 (Figure 14).

Table 24. Comparison of species present in SP1 vs. Artificial Pools on

05/03/01.
Canslancy Table-Nalural Pool and Artficial Poals 05/03/01
List of Specles SP1 Bilacks Vact Vac 2 Soil Control
Psilocarphus brevissimus 1 1.44 2.22 2.78 1 2.44
Eryngium aristulaium 4 0.56 1.11 1.34 088 0.44
Lastheia glaberrima 1.11 0.46 0.35 112 0.006
Sperguia arvensis 157 0.88 0.38 1 1.12
Canvalvuiug arvensis o111 0.12 011 0.006 0.12
Dawningia concaler 078 012 0.35 0.56 g 22
Erodiurn bolrys 0.11 a1
Anagalis arsensis Q.0C8 011
Lasthema macrantha ssp baxern
Haemlzenia fitchii 0.1
Agclepias lasciculans 0.11

Xanlthium strumarium
Elaacharis macrastachya
Rumex crispus
Lupmnus bicolor
Cyparus eragrostis
Centaurium muehienbergo

Eramccarpus setigarus

Grasses
Hardeum murinum t 1 0.78 14 14 1.23
Lallum multifarum 1 o1 011 011

Taemiatherum capul-medusae
Polypegon manospeliensis

Other
hare sail 2 211 2.78 256 178 123
algaesalgal malling (.56 Q.33
Relative Cover {average) 7 6 68 542 §.92 6.2 5.69




Figure 14. Cover Abundance on 05/03/01.
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Cover Abundance Comparison of SP1 vs. Arificial Pools 06/08/01

On 06/08/01 the summer blooming species Hemizonia fitchii and Eremocarpus setigerus
were not apparent in SP1; however, these fate blooming species were in all the artificial
pools. Psilocarphus brevissimus and Eryngium aristulatum were present in SP1 and
the artificial pools. The non-native Convolvulus arvensis was present in all of the
artificial pools, but was absent in SP1. There was a small amount of Xanthium
strumarium noted in the soil inoculation treatment. It was observed that SP1 had greater
cover abundance of grasses (Hordeum murinum and Lolium multiftorum) than on
04/26/01 and 05/03/01 (Table 25). The cover abundance for SP1 was 8, compared to
the Control, which had the highest cover abundance, 9.15 {Figure 15).

Table 25. Comparison of species present in SP1 vs. Antificial Pools on

06/08/01.
Constancy Table-Natural Pool and Artiflcial Pocls 98/08/01.
List of Species SPt Blocks Vac2 Soll Vac 1 Control
Psiocarphus brevissimus t 111 1.67 078 1.58 211
Eryngium aristulatum 3 078 .23 1 B7 1.56 0.33
Hemizonia fitchii 0.78 §.33 033 1.22 145
Eremocarpus saligerus Q.44 0.44 1.23 0.23 122
Convolvulus arvensis 044 0.22 Q.12 0 44 0.45
Xanthium sirumarium 0.1
Cenlaufium muehlenbargii 011
Eleocharis macrostachya 0.22

Asclepias fascicularls

Rumex crispus
Lasthenla glaberrima
Lasthenia macrantha ssp. bakerl
Anagalis arvensis
Erodium botrys
Lupinus bicolor
Cyperus eragrostis
Downingia concolor
Spergula arvensis

Grasses
Hordeum muarinum 2 1.67 1.44 1.89 1.44 1.68
Lolium multiferam 2 0.79 g.81 101 0.9 0.79
Taenlatherum caput-medusae 0.68 1.23 Q.78 c.9 101
Polypogon monespeliensis 011 078 0.11

Other
bare soil 2 211 2.11 201 2.78 2.58
algae/algal maltlng

Relative Cover {averaga) ] 702 848 3T 3.25 315




Figure 15. Cover Abundance on 06/08/01,
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Cover Abungdance Comparison of SP2 vs. Arificial Pools 04/26/01

On 04/26/01, Eryngium aristulatum and Spergula arvensis were present in SP2 and all
the artificial pools. Psilocarphus brevissimus and Downingia concolor were absent in
SP2, but present in all of the artificial pools. Lasthenia glaberrima was present in SP1
and all the artificial pools except the control pools (Table 26). The cover abundance for
SP2 was 9, compared to Vac2, which had the highest cover abundance, 7.02 (Figure
16).

Table 26. Comparison of species presen! in SP2 vs. Artificial Pools on

04/26/01.
Constancy Table-Natural Pool and Artificial Poals 04/26/01
List of Species 5p2 Blocks Vac?2 Vac 1 Conlrol Soil
Psilocarphus brevissimus 087 2.98 1,89 2487 .56
Eryngium aristulatum 2 0.33 Q.45 0.56 0.1 0.67
Downingla concalor Q22 0.12 011 012 0.22
Lasthenia glaberrima 3 1.34 0.89 0.78 2.22
Convolvulus arvensis C.008 0.12 0.22 012
Spergula arvensis 3 2.56 144 2.01 1.67 2.11
Erocdium batrys 0.22 0.1 c. .11 012
Anagalis arvensis 0.1 0.11
Lupinus bicolor 0.11 011
Hemizonia fitghii 0.11

Lasthenia macrantha ssp. bakeri
Asclepias fascicularis
Xanthlum strumarium

Rumex crispus
Cyperus eragrostis
Eleocharis macrostachya
Corfaurium muahlenbergh
Eremocarpus setigerus
Grassas

Hordeum murinum 1 1.1 111 0.56 1 Q.44
Lolium multiforum
Taeniatherum capul-medusae
Polypogon monospeliensis

Other
bare soil 1 1 1.89 2.22 2.22 1.22
aigaefalgal matting 067 022 0.22
Relatlve Covear (average) 9 579 7.02 6.24 5.69 534
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Figure 16. Cover Abundance on 04/26/01.
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Cover Abundance Comparison of SP2 vs. Artificial Pools 05/03/01

Eryngium aristulatum, Spergula arvensis, and Lasthenia glaberrima were present in SP2
and in all of the arlificial pools on (Table 27). Psilocarphus brevissimus, Downingia
concolor, and Convolvulus arvensis were absent in SP2, but present in all of the artificial
pools. The cover abundance for SP2 was 6, compared to Vac2, which had the highest
cover abundance, 6.92 (Figure 17).

Table 27. Comparison of species present in SP2 vs. Artificial Pools on

05/03/01.
Constancy Table-Natural Pool and Artificral Pools 05:/03/01
List of Species SP2 Blocks | Vac 1 Vac2 Sol Control
Psitocarphus hrev!asimus 144 222 2.78 1 244
Erynpium aristulaium 3 056 1.11 1.34 0.69 0.44
Lasthenia glabertima 1 711 | o46 | 035 | 112 [ 0006
Spargula arvensis 1 157 Q.88 0.36 1 112
Convolvulus arvensis 0.11 0.12 0.1 0.006 0.12
= Dow ningia cancolor 0.78 012 0.35 0.56 022
Erodium botrys 0.11 011
Anagalis arvensis ) 0006 | 0.11
Hemizoma (Hchi 01
Asclaplas lascicularis 0.11

__ Lasthenia macrantha ssp. baker
Xanthium strumarium
Bgocharis macrostachya
Rumex crispus
Lupinus bicalor
Cyperus eragrostis
_Centaurium muehlanbacgi
Eremocarpus saligerus

Grasseas
Hordeum murinum 1 1 078 14 14 1.23
Lolium multiforum 011 01 0.11

Taeniatherum caput-madusae
Polypogon manospaliensis

Other
bare soil 2 211 278 2 56 1.78 1.23
algae/algal malling 0.56 0 33
Relative Cover {average) [} 668 562 692 62 5.69
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Figure 17. Cover Abundance on 05/03/01.
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The summer blooming species,; Eryngium aristulatum, Hemizonia fitchii, and
Eremocarpus setigerus were present in SP2 and in ali of the artificial pcols (Table 28).
Convolvulus arvensis and Psilocarphus brevissimus were absent from SP2, bul present
in all of the artificial pools. SP2 had fewer grass species than any of the artificial pools.
The cover abundance for SP2 was 8, compared to the Control, which had the highest
cover abundance, 9.15 (Figure 18).

Table 28. Comparison of species present in SP2 vs. Antificial Pools on

06/08/01.
Constancy Tabie-Natural Pocol and Adifcial Pools 06/08/01
List of Specias SP2 Blocks | Yac? Soi vac 1 | Contral
Psitocarphus brevissimus 111 167 Q78 1.56 211
Erynglum aristulatum 2 0.78 1.23 1.67 156 031
Hemizonia ftchil 2 0.78 1.33 0.33 1.22 1.45
Eremocarpus setigorus 2 0.44 044 123 0.23 1.22
Convolvulus arvensis 044 0.22 0.12 0.44 0435
Xanthium strumarium 011

Asclepias fascicularis

Rumex crispus
Cenfaurium muehlenberglhi 011
Eleacharis macrostachya Q22

Lasthenia glaberrima
Lasthenia macrantha ssp. bakeri
Anagulis arvonsis
Erodium botrys
Lupinus bicalor
Cyperus eragrostis
Downingia concolor
Spergula arvensis

Grassas
Hordeum murtnum 2 167 1.44 1.88 1.44 1.68
Lolium multiforum 079 081 101 09 0.79
Taeniatherum capul-medusae 0.58 123 0.78 09 101
Polypogon monospelisnsis 011 .74 011

Othar
bare soil 2 211 2 11 2.0 2.78 2.56
algac/algal matting

Relative Cover (avaerage) 8 7.02 848 87 8.25 9.15
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Figure 18. Cover Abundance on 06/08/01.

Relative Cover
O = MNWHEND~NLODO

Small Pool  Central Soil Vac? Vac 1 Blocks
2 (8P2)

Natural Pool/Artificial Pools

Native vs. Non-Native Cover Abundance on 04/26/01

On 04/26/01, there was more native plant cover abundance than non-native in each
pool, with the exception of the Blocks treatment. We observed six nalive species in the
artificial pools and five nalive species in the natural pools. The six species are constant
with the exception of Hemizonia fitchii, Lupinus bicolor, and Lasthenia macrantha ssp.
bakeri. Hemizonia fitchii and Lupinus bicolor were present only in the artificial pools,
while Lasthenia macrantha ssp. bakeri was present in the natural pools. Five non-native
species were present in the artificial pools and four non-native species were present in
the natural pools. Among the non-native species, Erodium botrys and Anagalis arvensis
were only present in the artificial pools. Lolium multifiorum was present in SP1 and
absent in all the other pools (Table 29).

Table 29. Native vs. Non-Native Species on 04/26/01.

Consiancy Tabiw-Native v& Mon-naliva 5g0 042601 Artificlal Pools Natural Pools
Natlve Specles Vact Blocks | Vac2 Sail Caontrol] TR1G SP1 5P2
Erynguim arisiuiaum 036 033 045 067 Q9 t1 2 2 2
Ps:locarphus brawissimus 149 067 2 56 Q58 267 2 2
Lasihama glabgruma 074 112 Q B9 222 2 3
Downings cancalaor 01 022 012 g 22 012 2
Lastharia macianiha 48p bakan 2 §
Lupinus Dicalar 011 D11
Himieania icki 0o

Elsecharm macrosiachya
Efpmocargus seligarls

Cyparus arajjrosis

Ascleplas lancicuyi#ng

Centaurum muahlaneeigh

Remifiiurm 8 fumm ariun

Realallve Cover (Natllve Specles) 334 2 56 413 jar 20 10 ] %

Non-Native Species

Hardaum munnum 0 56 111 111 044 1 1 1 {

Sperqula arvensis 201 2 56 144 211 167 3
Convalvulus arvensis b22 0 006 Q112 012 1

€rodium boliys 011 ne2 o1 012
Anagalis arvansis 051 Q11
Lollam - multitlarum §

Rumix crgput

Teumatharum capul-medusaw
Eobyponon monspalinnsis

Relatlve Covar (Non-Nalivo Species) 29 401 2 89 267 2719 2 2 4
Qther
bare so:l 222 ! 189 122 222 1 2 1
algacedaigal matlhag NN 022 922
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Figure 19. Native vs. Non-Native Cover Abundance on 04/26/01.
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On 05/03/01, we observed five native species in the artificial pools and four native
species in the natural pools. Lasthenia macrantha ssp. bakeri remained present in the
natural pools, while Hemizonia litchii was present in the artificial pools, There are six
non-native species in the artificial pools compared to only three species in the natural
pools. Among the non-native species, Convolvulus arvensis, Taeniatherum caput-
medusae, Anagalis arvensis, and Erodium botrys were present in the artificial pools and
Lolium muttifforum was present in the SP1. There was a greater amount of native
coverage than non-native coverage in each artificial and natural poois (Table 30).

Table 30. Native vs. Non-Native Species on 05/03/01.

Constancy Taole - Mallve «& Non-Nativa Spoecies 0553401

Arliticlal Pools

Natural Poals

Hative Spocles vaci | Blocks | Vac? Son | Control] TRIG SPy 5P2
Efyngium arstwatum 111 056 1 34 089 044 2 3 4
Paildcarghun Bravissimus 222 144 274 ) 2 44 2 1
Lasllimna glabeirima 0 46 11% € 35 P2 0 Cco6 1
Downingua contaelar 012 o8 9 34 0 56 Q422
Lasihgnld macraiiha s5p baken 2
Hamizania chi 0%t
Cyparus @rafrostis
Xanithidm slumanum
Etdmacarput satigarad
Lupinus greelar
Canlguiium muaflanbsrgn
Agclapiay layciculans
Elaochans macrostachya
Relative Covar {Nalive Spocles) 402 1 Re % 82 3567 314 6 5 4
Mon-Nallve Bpecies
Hordpum murnaum 078 1 14 1 4 123 A 1 2
Spergula arvengls 089 147 0 36 1 112
Convolvylus arsaniis 012 011 011 0 00u 012
Taamathaiwm capul-medusae 011 J 11 011
Anagaiis preansia 011 0 006 051
Eradium botlys 211 Q1
Lolium maltiliorum 1
Paolypogon manspalianss
Rumex Clispus
Reolalive Cover (Non-Native Spacles) 19 279 24 263 258 1 2 2
Othaer
barq sail 278 2 11 2 580 173 123 i 2 2
Algarialgal mathing 0 Ht 033
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Figure 20. Native vs, Non-Native Cover Abundance on 05/03/01.
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On 06/08/01, Vac1, Vac2, Control, TR16, and SP2 all had a greater amount of native
versus non-native cover abundance. The Blocks and Soil treatments had a greater
amount of non-native cover abundance. SP1 had equal amounts of native and non-
native cover abundance. We observed seven native species in the artificial pools and
five native species in the natural pools. Xanthium strumarium, Eleocharis macrostachya
and Centaurium muehlenbergii were present in the artificial pools and absent in the
natural pools. A small coverage of Asclepias fascicularis was in TR16 only. There are
five non-native species in the artificial poois and three in the natural pools. Among the
non-nalive species, Convolvulus arvensis, Taeniatherum caput-medusae, and
Polypogon monspeliensisi were present in the artificial pools, but were absent in the
natural pools. Rumex crispus was present in the natural pools, but absent in the artificial
pools (Table 31).

Table 31. Native vs. Non-Native on 06/08/01.

Zangdincy Table-Mative v5 Non-Natwe Spocley 06080 Ariilicial Pools Natural Pools
Native Spacles Vacs Mloguy | Yac? Sou Conatrol] TR18 SP1 SR2
Eryngluim ailsrulaium 154 IR T 23 var 033 2 a 2
Hamizama fhchi 122 J TR 133 033 145 1 2
EramMDcaTpus SEMGEIUT 023 0 44 D44 v 23 1 22 3 rd
Paflocsiphus brevanimas 156 i1 187 o4 PR z 1
Xanimigm stigm grium o1
Elwocharia muaciottachya 0zz2
Asclepias lanciculars r
Centagdium musklenberg. 013

Lanthanid QUaDaiimg
Lupimus Dicaket
Lasthenia macrantha ssp baken
Crparats eragrosiin
Du-nir_u]__u concalgs
Relative Covni (Hative Specles) 457 333 478 412 5 11 4 4 2]

Marn-Natlve Species

Hordeum mutinum 144 147 144 \ 84 1.8 1 2 2z
Lofium o ultidlorum o9 979 2.81 v o1 oTE Z
Convoivuius arvengls 044 D44 Q22 012 0 45
Taemathaium capul-megdulqe 0% D aa 123 V] 101
Polypogonm manppaildnyls 011 0 Ta [«IR I
Rumesd cliigus 1
Anzgally 3rvankis
Etodium bollys
Sparguin drvensiy
Relative Caver (Non-Natlve Specles) 383 3689 37 454 4 04 2 4 z
Other
nare 1ol 27a [ 25y | 211 | zo1 | 2358 v | o2 | oz
aiparialgal mauing [ 1 | | | [
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Figure 21. Native vs. Non-Native Cover Abundance on 06/08/01.
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Vegetation Conclusions

The following conclusions are based on the observations made in Spring 2001, The
season had low rainfall producing short inundation periods in the artificial pools and in
the natural poaols.

The vegetation of artificial pools is dependent upon the design of the pool. The artificial
pools were constructed with a downhill slope with a deep end of 80 cm and side slopes
graded to 30 degrees. This design resulted in a lack of vegetation on the side slopes. In
recent years artificial pools have been designed with gentle slopes that are more likely to
have vegetated slopes (De Weese, 1998).

Psilocarphus brevissimus grows best in areas of bare ground or with less competition
from other species. In some of our artificial pools Psifocarphus brevissimus dominated
the deeper zones in the absence of Spergula arvensis. This is evident by Spergula
arvensis growing significantly higher in the deep zones where little or no amounts of
Psilocarphus brevissimus were apparent.

There is a shift from early blooming species to late blooming species. For instance,
Downingia concolor and Lasthenia glaberrima were apparent early in the season and
disappeared later in the season. Compared to Hemizonia fitchii and Eremocarpus
setigerus, which grew significantly in the late season.

VacZ2 outperformed the other inoculation treatments in terms of native and non-native
cover abundance. Blocks, Soil, and Control treatments had greater amounts of species
that are not characteristic of vernal pools. In Northen, Holve-Hensill and Eakins report,
the Soil treatment outperformed Vac2 and Blocks (Northen, Holve-Hensill and Eakins,
1998).



9. After eight years, vegetation spread is limited in the Blocks treatment. The Blocks
treatment appears to be the least desirable inoculation treatment.

i - T
i, o i § b

Photo 3. Arificial Pooi Ad on 04/10/01. Wide angle imags of Artilicial Pool C5 with arrows indicaling

fimited growth between block treatmant.

6. The increased depth of the artificial pools led to longer inundation periods compared to
the natural pools, which have shallow depths with shorter inundation periods. Spergula
arvensis dominated the deeper zones in most of the arlificial pools, bul is absent in
TR16 and SP1. De Weese observed thal starting in the third year and sometimes
sooner, there is a shift in species cover, with species preferring longer inundation
periods {De Weese 1998),

7. The non-native grass species grew in greater amounts in the artificial pools compared to
the natural pools. Hordeum murinum, Lolium muitiflorurm, and Taeniatherum caput-
medusae successfully invaded the shallow to middle zones of all the artificial pools. This
may be due to natural poo! boundaries, which will be considered for Phase 2.

8. The artificial pools appear to have lost plant species since 1996, From 1993 to 1996
Northen, Holve-Hensill and Eakins concluded that out of twenty-four native wetland
plants, sixteen showed good to high coverage in the artificial pools (Northen, Holve-
Hensill and Eakins, 1898). In 2001, ten native species in the artificial pools with six
native species having good coverage.

9. Phase 2 is needed to collect sufficient data to conclude the vegetative success of the
vernal pools over time. We will need comparative data on all the source pools TR 17,
TR1 - TR5. By collecting this data, we can effectively compare the source pools with
the artificial pools.
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Hydrology

Vernal pools are seasonal wetlands occurring in shallow depressions over a substrate
that limits water percolation. During the winter rainy season water accumulales in the
pools and remains present for a variable period of lime depending on such factors as:
rainfall, evaporation, volume of the poo! and permeability of the underlying layer. Pools
remain inundated for periods ranging from a few days to several months. It is this
seasonal inundation and drying that creates the physical habitat conditions in which the
vernal pool biota lives. Therefore, to restore or replicate vernal pool conditions to a site,
seasonal inundation must be developed and maintained.

The Travis AFB vernal pool study is primarily a vegetation and invertebrate study. in the
original design only limited consideration was given to hydrology. The Sonoma State
team used water depth measurements to determine zones for vegetation analysis. They
measured the water depth in the artificial pools at each meter point from a sampling
baseline at approximately two-week intervals during the 1995/1986 rainy season.
Additionally, invertebrate colleclors noted the presence or absence of surface water
during collections in all years of the original study (Northen, Holve-Hensill and Eakins,
1998).

Hydrology Methods

For the present study, we visited the natural and artificial pools at Travis AFB in
February 2000 and from February through July 2001. On each visit we recorded
electronic images of each pool to document the presence or absence of surface water.
Surface water presence or absence data from Northen, Holve-Hensill and Eakins for the
1993/1994, 1994/1995 and 1995/1996 rainy seasons was compared to the 2001 data.

Hydrology Results

Tables 32-34 summarize the inundation data derived from Northen, Holve-Hensill and
Eakins. Table 35 summarizes the inundation data from the rainy season of 2000/2001.
Table 36 summarizes the rainfall in the nearby city of Fairfield from 1983/1994 to 2001.
On tables 32-36; Yes indicates standing water was present, while No indicates the
absence of standing water in the pool on the date.

Table 32. Presence of Surface Waler in Travis Pools for the 1993/1994 Rainy Season.

Pool
A-1 Yes Yes Yas Yas Yes Yas Yeos Yas Yaos
A-2 Yeas Yes Yas Yas Yes Yes Yas Yas Yes |
A-3 Yas Yon Yas Na No No No | Mo Na
A-4 Yas Yas Yas Yes Yas Yes Yos | Yes Yes
A-5 Yes Yasa Yas Yas Yau Yas Yeu Yas Yos
B-1 Yes Yeas Yas Yeos Yas Yas Yas Yes Yas
B-2 Yes Yes Yas Yes Yas Yas Yos Yeos Yas

| B3 "Yas Yea Yes | Yes Yeas Yas Yes Yos Yos
B-4 Yas Yoz Yos Yos No No No Na No

. B5 Yeas Yo Yes Yas Yes Yes Yan “Yas Yes

E Yes Yas Yos Yas Yes | Yas Yas Yos Yos
(v Yas Yesa Yes Yas Yas Yas Yas Yas "No
C-3 Yas Yas Yas Yea Yas Yeas Yas Yos Yes
C:4 Yos Yes Yas Yes Yes Yas Yas | Yes Yas %
C-5 Yes Yas Yeos Yoa Yes Yes | Yes T Yes
TR17 No You Yes No “Na Na No No No |




Table 33. Presence of Surface Water in Travis Pools for the 1394/1995 Rainy
Season.

12117 1229

Pool
A-1 Yeos Yas Yos | Yes | Yes | Yas | Yes | Yes | Yes | Yas | Yes
A-2 Yas Yeos Yes | Yes | Yes | Yes | Yoes | Yas | Yes | Yes | Yes
A-3 Yes Yes Yes | Yes | Yes | No Yes | Yes | Yos | No No
A-4 Yes Yas Yas | Yes | Yos | Yes | Yes | Yes | Yes | Yes | Yes
A-5 Yeos Yes Yas | Yes | Yes | Yes | Yes | Yes | Yes | No No
B-1 Yes Yes Yas | Yes | Yes | Yes | Yes | Yes | Yas ! Yes | Yas
B-2 Yas Yes Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yaa
B-3 Yas Yas Yas | Yos | Yss | Yas | Yos | Yea | Yes | Yas | Yas
B-4 Yes Yas Yea | Yos | Yes | Yos | Yes | Yes | Yas | Yes | No
B-5 Yas Yes Yes | Yos | Yes | Yos | Yas | Yos | Yas | Yas | Yes
C-1 Yas Yas Yes | Yes | Yos | Yes | Yos | Yes | Yos | Yes | Yes
c-2 Yeas Yas Yes | Yes ! Yes | Yes | Yes | Yes | Yas | Yas | No
C-3 Yas Yasa Yas ; Yes | Yes | Yes | Yes | Yes | Yes | Yes [ No
-4 Yes Yes Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | No
C-5 |Yes |Yes |Yes |Yes |Yes |Yes | Yes | Yes | Yes | Yes | Yes
TR17 | Yas Yes Yes | Yes | Yes | Yes | Yaes | Yes | Yes | No No

Table 34. Presence of Surface Water in Travis Poois for the 1995/1996 Rainy
Season.

Pool
A-1 Yes Yas Yes | Yes | Yes | Yas | Yas | Yas | Yes | Yes
A-2 Yas Yas Yos | Yes | Yes | Yas | Yas | Yes | Yes | Yes
A-3 Yos Yes Yas | Yes | Yas | Yas | Yes | Yes | Yes | No

A-4 Yas Yes Yas | Yes | Yaes | Yes | Yes | Yas | Yas | Yes
A-5 Yes Yes Yes | Yes ' Yos | Yes | Yes | Yas | Yes | No

B-1 Yas Yos Yes | Yes | Yes | Yos | Yes | Yas | Yes | Yes
B-2 Yas Yas Yos ([ Yes | Yas | Yes | Yes | Yes | Yes | Yas
B-3 Yes Yes Yas | Yes | Yes | Yes | Yaes | Yes | Yas | Yes
B-4 Yas Yes Yes | Yos | Yes | Yes | Yos | Yes | Yes | Yes
B-5 Yos Yes Yes | Yes | Yoes | Yes | Yes | Yes | Yas | Yes
C-1 Yas Yeos Yos | Yas | Yes | Yes | Yes | Yes | Yas | Yes
C-2 Yas Yes Yes | Yes | Yes | Yes | Yes | Yes | Yas | Yas
C-3 Yos Yos Yos { Yes | Yoes | Yes | Yes | Yes | Yes | Yas
C-4 Yas Yes Yes | Yaes | Yes | Yes | Yes | Yes | Yes | Yas
C-5 Yos Yes Yes | Yas | Yas | Yes ! Yes | Yas | Yes | Yas
TR17 | Yes Yes Yes | Yes | Yes | Yes | Yas | Yes | Yas | No

34



Table 35. Presence of Surface Water in Travis Pools for the 2000/2001 Rainy Season.

ate L) I [ = [ (N 4/ 2610

Pool

A-1 No Yes Yas Yas No NO
A-2 No Yas Yes Yas No No
A-3 No Yas Yan No No No
A-4 No Yas Yos Yas No No
A-5 No Yes You Noa No No
B-1 No Yos Yes Yan Yas No
B-2 No Yos Yes Yes No No |
B-3 No Yas Yes Yas Yas No
8-4 No Yes Yas Yes No No
B-5 No Yes Yas Yeos Yes No ___|
C-1 No Yean Yos Yes Yas Mo
C-2 Mo Yas Yes Yesn Yas Mo
C-3 No Yes Yes Yas ' Yes No
C-4 No Yas Yas Yas No No
C-5 No Yos Yos Yes No Mo
| SP1 No Yas No Mo Mo No
SP2 No Yes No No No No
TR14 | No Yes No No No No
TR15 | No Yos No No No No
TR16 | No Yas Yas No No No
TR17 | No Yes Yes No No No

On 02/15/2000 alt of the pools, both natural and artificial, contained surface water. On
02/01/2001 none of the pools contained surface water. On 03/01/2001 all of the pools,
both natural and artificial, contained surface water. No pools contained surface water on
or after 04/26/01. The smaller natural pools SP1, SP2, TR14 and TR15 contained no
surface water by 03/22/01. The large pool TR17 contained surface water through
03/22/01, but was dry by 03/29/01. TR16 contained no surface water by 04/01/01.

The winter of 2000/2001 was dry and the periods of inundation tended to be shorter than
those of any of the previous years, TR17 however contained surface water longer than
it did in 1993/1994 when it was dry by March 18. All of the artificial vernal pools
contained surface water longer than did the smaller natural pools SP1, SP2, TR14 and
TR15. A3 and A5 the artificial pools that dried out most quickiy held water for about as
long as the natural pools TR16 and TR17. The other artificial pools contained surface
water longer than any natural pool in the immediate vicinity. The artificial vernal poocls
generally contained surface water longer than TR17 during the Sonoma State study
(Northen, Holve-Hensilt and Eakins, 1998).

During the observations it became ciear that pools constructed in close proximity to one
another with the same design do not necessarily have the same inundation period.
Pools A3 and A5 were dry by 3/29/01, while pools B1, B3, B5, C1, C2 and C3 still
contained surface water on 4/10/01. A3 also had a shorter inundation period than most
of the other artificial pools in 1993/1994, 1994/1995 and 1995/1996. A5 had a shorter
inundation period than most of the other artificial pools in 1984/1895 and 1995/1996.
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Table 36. Monthly Rainfall for Fairfield CA.

0 # LJE 1 e ] D L B
Year
93/94 (059265239 (271 (43t [014|119| 126|000 | 0.00| 0.00 | 0.02
94/95 | 028|530 |449 (1247|014 |921|088|1.21 | 183 |0.00| 0.00; 0.00
956/96 |00 | 008 10.02 865 |834 |232|218|3.03 |00 |0.00]0.00]|0.00
96/97 | 161|358 1167|1107 (028 | 052|020 047|027 ;0.00|041|0.00
97/98 1081 |6.73|230 |895 |1471|235|230|3.29|0.00(|0.00|0.00|034
08/99 1071429157 | 211 |697 |285|173[0.03|000|0.00]|0.00]0.04
99/00 | 0562911052 |598 (1125|287 129|098 |0.17|0.001{0.00;0.08
00/01 1254116113 | 336 |6.35 |137|062|000|008]000;0.00) ----

Mean |1251288|379 |511 |396 |312|133051|0.180.02|0.07|0.28

Hydrology Discussion

The artificial vernal pools were designed to provide statistically oriented data to evaluate
four inoculation treatments for vernal poo! plants and invertebrates. The small
rectangular design with a sloping plane from ground level to 80 cm in depth may in itself
be a significant determinant of the type of plant community that can uitimately become
established in each individual pool. De Weese observed that the lack of microhabitat
variation along with increased inundation time due to increased depth may ultimately
develop habitat that favors the dominance of species such as Eleocharis
machrostachya, whose abundance is correlated with longer inundation periods (De
Weese, 1998). In 2001 most artificial pools at Travis were inundated for a longer period
of lime than the natural pools.

The rainy season 2000/2001 was drier than normal. The composition of vegetation in the
pools this year may, at least in parl, be a reflection of the low rainfall,

Hydrology Conclusions

The 2000/2001 rainy season was drier than the average season. Inundation periods for
the artificial pools were shorter than the inundation periods for previously measured
years.

The artificial pools generally had longer inundation periods during the 2000/2001 season
than the nearby natural pools.

The inundation periods for the artificial pools exhibit significant variability limiting the use
of parametric statistics for comparisons among pools.

The design of the artificial poots is probably a major factor in the type of vegelative

communily that will ultimately develop in those pools. Plant species associated with
longer inundation periods are likely to be benefited by the design.

30



Literature Cited

DeWeese, J. 1998. Vernal pool construction monitoring methods and habitat replacement
values. Pp, 217-223, In, C.W. Witham, E.T. Bauder, D.Belk, W.R. Ferren Jr., and R. Ornduff,
eds. Ecology, Conservation, and Management of Vernal Pool Ecosystemns. California Native
Plant Society, Sacramento, CA.

Hickman, J. C. 1993. The Jepson Manual. Higher Plants of California. Universily of California
Press, Berkeley, California.

Mueller-Dombois, D. and Heinz Ellenberg. 1974. Aims and Methods of Vegetation Ecology.
New York; John Wiley & Sons, inc.

Northen, Philip T., Susan Holve-Hensill and Doug Eakins. April 15, 1998. Techniques for
Mitigating Loss of Vernal Pools: an Experimental Approach. California Department of
Transportation. Sacramento CA.

Sutter, G. and R. Francisco. 1998.Vernal pool creation in the Sacramento Valley: a review of
the issues surrounding its role as a conservation tool. Pp. 190-194, In, CW. Witham, E. Bauder,
D. Belk, W. Ferren and R. Ornduff, eds. Ecology, Conservation and Managemento of Vernal
Pool Ecosysterns. California Native Plant Society, Sacramento, California.

Witham, C. 2001. Prototype Releve Data Form. UC Davis. 21 Sept. 2001
http://www vernalpools.org/barhour/documents.htm

37



Appendix A-

Raw Data Tables

Tables A

A1 Species present in each zone of the listed artificial pools on 04/26/01.
A2 Species present in each zone of the listed artificial pools on 05/03/01.
A3 Species present in each zone of the listed artificial pools on 06/08/01.
A4. Species present in TR16 on each date listed.

AS. Species presentin SP1 on each date listed.

AG. Species present in SP2 on each date listed.



Table A1. Raw Data Table indicating species present in each zone of the antificial pools
on 04/26/01.
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Table A2. Raw Data Table indicating species present in each zone of the antificial pools
on 05/03/01.
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Table A3, Raw Data Table indicating species present in each zone of the artificial pools
on 06/06/01.
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Table A4. Raw Data Tabie indicaling species present in TR16 on each date.

Raw Data Table TR16
List of Specles 4/26/01 5/3/01 6/8/01
Lasthenia macrantha ssp. bakeri 2
Eryngium aristulatum 2
Psitocarphus brevissimus 2 2
Downingia concolor
Lasthenia glaberrima
Hemizonia fitchii
Eremocarpus setigerus 3
Asclepias fascicularis r
Convolvulus arvensis 1
Spergula arvensis
Lupinus bicalor
Anagalis arvensis
Centaurium muehlenbergii
Xanthium strumarium
Erodium botrys
Cyperus eragrostis
Rumex crispus 1
Eleocharis macrosiachya
Grasses
Haordeum mufrinum 1 1 1
Taeniatherum caput-medusae
Polypogon monospeliensis
Lolium multiflarum
Othar
bare soil 1 1 1
algae/algal maltting
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Table A5. Raw Data Table indicating species present in SP1 on each date.

Raw Data Table

Small Pool 1 (SP1)

List of Species

4/26/01

5/3/01

6/8/01

Lasthenia macrantha ssp. bakeri
Eryngium aristulatum
Psilacarphus brevissimus
Daowningia concolor
Lasthenia glaberrima
Hemizonia fitchii
Eremocarpus seligerus
Asclepias fascicularis
Convolvulus arvensis
Spergula arvensis
Lupinus bicolor
Anagalis arvensis
Centaurium muehlenbergii
Xanthium strumarium
Erodium botrys
Cyperus eragrostis
Rumex crispus
Eleocharis macrostachya

1

P

3

2

1

Grasses

Hordeum murinum
Taeniatherum caput-medusae
Polypogon monospeliensis
Lolium multiflorum

Other

bare soil
algae/algal matting

Table A6. Raw Data Table indicating species present in SP2 on each date.

Raw Data Table

Small Pool 2 (SP2)

List of Species

4/26/01

5/3/01

6/8/01

Lasthenia macrantha ssp. bakeri
Eryngium aristulatum
Psitocarphus brevissimus
Downingia concolor
Lasthenia glaberrima
Hemizonia fitchii
Eremocarpus setigerus
Asclepias asperula
Convolvulus arvensis
Spergula arvensis
Lupinus bicolor
Asclepias fascicularis
Centaurium muehlenbargii
Xanthium strumarium
Erodium botrys
Cyperus eragrostis
Rumex crispus
Eleocharis macrostachya

2

2

ha

Grasses

Hordeum murinum
Taeniatherum caput-medusae
Palypogon monospeliensis
Lolium multiflorum

Other

hare soil
algae/algal matting
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